Carotid artery stenting (CAS) is an effective and less invasive alternative to carotid endarterectomy for internal carotid artery (ICA) stenosis, but the guiding catheter is often technically difficult to introduce into the common carotid artery (CCA) in patients with concomitant atherosclerotic disease in the peripheral vessels or aorta. A new pull-through technique between the superficial temporal artery (STA) and the brachial artery was used to deliver the guiding catheter into the CCA safely and steadily. An 83-year-old male presented with repeated transient left hemiparesis caused by severe stenosis of the origin of the right ICA. He also had severe systemic atherosclerotic disease with occlusion of the bilateral femoral arteries. The innominate artery branched at an acute angle from the aorta. Therefore, catheterization of the right CCA seemed to be impossible using a conventional approach. The guidewire introduced from the right STA was lassoed by a loop snare wire and pulled out of the left brachial artery, forming the pull-through system. The guiding catheter could be introduced into the CCA from the left brachial artery over this guidewire. Subsequently, successful stent placement was performed under the distal protection. This new technique may facilitate safe and stable CAS even in patients with a severely tortuous access route due to concomitant atherosclerotic disease.
Introduction
Carotid artery stenting (CAS) has recently been recognized as an effective and less invasive alternative to carotid endarterectomy for the treatment of internal carotid artery (ICA) stenosis because of the improvement of protection devices. 8, 17) In general, the transfemoral approach has been preferred for CAS, because of the size of the devices and the relative ease in introducing the guiding catheter into the common carotid artery (CCA). However, the transfemoral route is occasionally unavailable due to severe atherosclerotic stenosis or aneurysm of the femoral artery, iliac artery, or aorta. In such cases, the transbrachial approach can be used to perform CAS, 1, 3, 14, 16) but advancing the guiding catheter into the CCA may present some difficulties because of the tortuous access route. Various devices to solve this problem have been described, including the use of stiff guidewires or anchoring a PercuSurge GuardWire (Medtronic, Minneapolis, Minn., U.S.A.) with its balloon inflated in the external carotid artery (ECA). 3, 14, 16) Here we describe a new technique to perform CAS via the left transbrachial approach, a pullthrough method via the right superficial temporal artery (STA), which was used to treat a patient with symptomatic stenosis of the origin of the right ICA complicated by severe concomitant systemic atherosclerotic disease.
Case Report and Technique
An 83-year-old male was admitted to a previous hospital with angina pectoris and heart failure. During the hospitalization, he also suffered transient left motor weakness repeated several times a week for 3 months. These transient ischemic attacks (TIAs) were not suppressed by administration of aspirin (100 mg/day) and ticlopidine (200 mg/day). Therefore, the patient was referred to our institute after percutaneous coronary intervention (PCI).
Laboratory examination on admission showed no Fig. 2) , which was considered to be responsible for the TIAs. He had very severe chronic heart failure that did not allow general anesthesia. The stenosis in the right ICA was located in a relatively high position at the C2-3 intervertebral level. Furthermore, he had mild cognitive impairment, so had the risk of unexpected movement during the therapeutic procedure. Therefore, carotid endarterectomy did not seem to be suitable even under local anesthesia. Planning of CAS via the left transbrachial approach anticipated that catheterization of the right CCA and stabilizing the guiding catheter during the therapeutic procedures might be particularly difficult because of the very tortuous access route. Accordingly, we devised a pull-through technique between the left brachial artery and the right STA to achieve smooth and safe catheterization. Under local anesthesia, 5F and 3F sheath introducers were inserted into the left and right brachial arteries, respectively. The right STA was exposed in the preauricular area, and an 18G cannula was inserted into the STA using a cut-down technique (Fig. 3) . Systemic anticoagulation was initiated by intravenous bolus administration of 5,000 U of heparin, and activated coagulation time became 297 seconds. A snare wire with a 7-mm diameter loop (Goose-Neck Snare SK 700; Microvena, White Bear Lake, Minn., U.S.A.) was introduced through the right brachial artery into the right innominate artery. A 0.035-inch 300-cm guidewire was inserted from the right STA and introduced retrogradely into the ascending aorta through the right ECA, CCA, and innominate artery, then the tip of the guidewire was passed through the loop of the snare wire (Fig.  4A ). This guidewire was lassoed in the ascending aorta with another snare wire with a 25-mm diameter loop (Goose-Neck Snare GN2500; Microvena), introduced from the left brachial artery, and pulled out of the left brachial sheath, thus completing the STA-brachial artery pull-through system (Fig. 4B) . The 5F sheath in the left brachial artery was exchanged for a 6F 90-cm kink-resistant guiding catheter (Super Arrow-Flex sheath; Arrow International, Reading, Pa., U.S.A.). This 6F guiding catheter with an inner 4F catheter was introduced into the right CCA along the guidewire, passing through the loop of the snare wire introduced from the right brachial sheath (Fig. 4C) . Then the 6F guiding catheter was firmly grasped with the loop snare, Fig. 3 Photograph showing the right superficial temporal artery exposed in the preauricular area and cannulated. and stabilized in the left CCA with tension loading through this snare wire. Next, the guidewire used for the pull-through method and the 4F inner catheter were removed. The ICA stenosis was crossed with a distal protection device (PercuSurge GuardWire) (Fig. 4D) . A 3.5-mm × 20-mm balloon angioplasty catheter (Gateway; Boston Scientific, Boston, Mass., U.S.A.) was inserted across the lesion and predilation (6 atm, 30 sec) was performed, then an 8-mm × 20-mm stent (Precise; Cordis, Miami, Fla., U.S.A.) was deployed successfully. Subsequently, postdilation (10 atm, 5 sec) was carried out with a 5.5-mm × 20-mm balloon (Amiia; Cordis) under distal protection. During the procedure, the guiding catheter was firmly stabilized with the snare loop wire. Final angiography showed adequate dilation of the stenosis (Fig. 5) . Hemostasis at the puncture sites of the bilateral brachial arteries was established by manual compression, the exposed STA was ligated, and the wound was closed with nylon sutures. The total operation time was 105 minutes. The patient has not experienced any further cerebral ischemic episodes during a 5-month followup period.
Discussion
The pull-through technique is a very useful way to introduce a catheter into a tortuous vessel, and was first reported in 1988 for interventional treatment of totally occluded iliac arteries. 7, 11) The stable wire tension provided by this technique enables safe and steady delivery of the catheter. Recently, a brachiofemoral or brachiobrachial pull-through approach was described for the treatment of lesions in the innominate, subclavian, or vertebral arteries. 9, 10) Here we performed CAS with the pull-through method between the STA and the brachial artery. The STA is easy to expose in the preauricular area using a cut-down technique. The STA runs superficially on the galea, and a 15-mm skin incision is adequate. Percutaneous puncture may also be used if the STA has a straight course.
If the guidewire used for the pull-through method can be placed across the lesion on a vessel, such as the iliac, innominate, or subclavian artery, the angioplasty balloon or stent can be delivered over this Neurol Med Chir (Tokyo) 49, July, 2009
Pull-through Technique Using the STA for CAS guidewire. 7, 9, 11) However, in the present case, the angioplasty and stenting devices had to be delivered separately into the ICA from the guidewire placed for the pull-through method through the ECA. A guiding catheter with a large diameter would be required to deliver both the pull-through guidewire and the therapeutic devices. Recently, a case of stenosis in the left vertebral artery origin was successfully treated by stent placement using the brachiobrachial pull-through method. 10) An 8F guiding catheter was introduced into the left subclavian artery from the right brachial artery over the pullthrough system between the bilateral brachial arteries, and devices were delivered for distal protection, angioplasty, and stenting into the left vertebral artery, as well as the guidewire used for pull-through method through the 8F guiding catheter. No hemodynamic events occurred in the forearm despite the use of the guiding catheter with a relatively large diameter. 10) However, use of the smallest guiding system possible will reduce the possibility of complications at the puncture site including insufficient blood flow in the forearm. 4, 5, 12) In our case, the left brachial artery also revealed some atherosclerotic stenosis, so minimizing the size of the guiding system was important. The pullthrough guidewire had to be removed to deliver the devices for following angioplasty and stenting through the 6F guiding catheter. We did not have confidence in the stability of the guiding catheter without the pull-through guidewire. Therefore, we used the loop snare wire technique for grasping the guiding catheter, which enabled us to stabilize the guiding catheter even after removal of the guidewire used for the pull-through method, and reduce the size of the guiding catheter. By passing the guidewire for the pull-through method through the loop snare early in the operation, the guiding catheter was technically easy to lasso. This technique was previously used in the subclavian artery for stenting into the vertebral or basilar artery. 18) Direct access to the cervical CCA has been proposed in cases with limited transfemoral access for CAS. 2, 6, 13, 15) Hemostasis after percutaneous direct puncture of the CCA is not considered to be easy under anticoagulant or antiplatelet agent administration. Hematoma formation from the puncture site might cause serious respiratory complications. Recently, direct cervical carotid access via a small skin incision was reported. 2, 13) Direct suture of the arterial wall allowed by this technique may reduce the risk of the postoperative hemorrhagic complication at the puncture site. In the present case, we also considered this method of direct access to cervical CCA. However, we were concerned about possible uncooperative and unexpected movements of this patient with cognitive impairment, which might cause serious complications such as pulling out of the sheath introducer from the CCA accidentally during the interventional procedures. The STA is a small and non-eloquent artery, and thus hemostasis is relatively easy to obtain. There are no life-threatening structures around the preauricular STA. Percutaneous direct access to the STA carries lower risk of hemorrhagic complications around the access route than direct access to the cervical CCA.
The present case illustrates that the pull-through method using the STA is technically feasible and useful if introduction of the guiding catheter into the carotid artery is difficult due to a tortuous access route. The indications for CAS may be extended by this technique.
